Abstract. Underground coal mining and unplanned subsidence have occurred adjacent to and under Rend Lake, an 18,000 Ac impoundment in southern Illinois, for more than 90 years. Recent longwall mining permits for Rend Lake have emphasized wetland habitat enhancement as a benefit of planned subsidence that occurs under upland areas adjacent to the shoreline. However, planned subsidence under existing mudflats was viewed as a potential habitat loss. To evaluate subsidence effects, shorebird and waterfowl utilization, benthic invertebrate density, and plant communities of subsided and unsubsided habitats were monitored during
Introduction
Illinois has lost approximately 90 percent of its original 3.2 million ha (8 million Ac) of presettlement wetlands (Suloway and Hubbell 1994) . Protection and/or mitigation of existing wetlands is required to eliminate or minimize short and long-term effects of mining activities.
Regulatory programs of the Illinois Department of Natural Resources (IDNR) -Office of Mines and
Minerals have been instrumental in protecting unmined wetlands. The IDNR reclamationregulatory program also provides opportunities for establishment of productive wetlands in reclaimed surface coal mine areas (Nawrot and Klimstra 1989) and subsidence panels of underground coal mines (Nawrot et al. 1995) .
The potential for both wetland impact and/or development opportunities of subsided areas in Illinois is great due to the lengthy mining history and extensive areas affected by underground mines. Since commercial underground mining for coal began in 1810, more than 4,000 underground mines underlying more than 300,000 ha (750,000 Ac) have operated in Illinois (IDNR -pers. comm). Conventional room and pillar mining conducted during the early-mid 1900s has produced diverse areas (>1,300 Ac) of unplanned subsidence wetlands in the Big Muddy and Saline River bottoms of southern Illinois (Fig. 1) . The seasonally inundated hydrology of these unplanned room and pillar subsidence areas resulted in diverse palustrine emergent and shrub-scrub wetlands.
Subsidence wetlands provide habitat for several of Illinois' wetland associated threatened and endangered species (Sternburg and Nawrot 1993) .
The shift to longwall mining during the 1980s, and the ability to predict the topography and altered hydrology of subsidence areas, provided opportunities for wetland habitat development and enhancement of subsidence panels. Three longwall panels encompassing more than 12 ha (30 Ac) in the floodplain of Ewing Creek were one of the first planned subsidence wetlands permitted by IDNR in southern Illinois. The Ewing Creek longwall panels were mined during 1984-1986 at a depth of 165 m (540 ft) resulting in subsidence depressions of approximately 1.5 m (3.5 ft) over the panels. The Ewing Creek subsidence wetlands were characterized by palustrine emergent and forested plant communities that rapidly colonized the seasonally inundated subsidence basins.
Avian utilization of the subsidence wetlands was documented during 1990 and 1991; 55 species 25 taxonomic families were identified (Nawrot et al. 1995 were conducted during 1987 -1988 , and 1991 (Owen 1992 .
This paper summarizes current shorebird, wading bird, and waterfowl assessments of the subsided and unsubsided wetland habitats associated with the Nason Point (unmined) and the Ward Branch (mined) study areas of Rend Lake. Plant community and benthic macroinvertebrate data summaries are also included.
Study Area
Rend Lake, a 7,560 ha (18,680 Ac) impoundment on the Big Muddy River located in (Owen 1992) .
Hydrology
Rend Lake water levels are passively maintained by discharge through the main spillway (elevation 125 m (410 ft)) and the auxiliary spillway (elevation 126.5 m (415 ft)). The annual hydroperiod of Rend Lake is characterized by increased water levels throughout the late winter and spring, and decreased water elevations in late summer and fall. Lake levels average Although mining adjacent to and under Rend Lake has occurred for more than 90 years, evaluations of subsided wetlands and littoral zones did not occur until 1987 (Owen 1992 ). Owen's (1992) pre-and post-subsidence evaluation of the Ward Branch study area identified the establishment of diverse moist soil, emergent, and scrub-shrub wetlands plant communities in the seasonally inundated subsidence depressions that extended into the littoral zone and upland habitats.
Avian utilization of the Ward Branch subsidence wetlands was not addressed. However, recent surveys (Robinson 1996, McMullen and Zoanetti 1999) 
Invertebrate Sampling
Invertebrates were sampled from five transects (slopes #0.5%) on the northeast shore of Nason Point, and five transects representing somewhat gradual slopes (>0.5%) on the southeast shoreline of Nason Point (Fig. 4) . Ten transects representing subsided areas, and unsubsided areas between subsidence basins were sampled at the Ward Branch study area (Fig. 4) . October 2001. Sediment core samples were preserved in 9% formalin solution, stained with phloxine blue, and transported to the lab for processing. Samples were washed with a number 35 standard sieve (500 µm) to facilitate sorting, identification, and counting. Samples were dried (50-60° C) for 24 hours, cooled in a desiccator for 24 hours and weighed to the nearest mg to determine biomass.
Results

Shorebirds
Fall migration surveys conducted during 2000 and 2001 enumerated more than 10,000 shorebirds using the Nason Point peninsula (hereafter referred to as Nason Point) and Ward
Branch study areas (Table 1 ). More than 6,000 shorebirds were surveyed at both areas in 2001 compared to less than 4,000 individuals during the fall 2000 surveys ( were only a minor contributor to the migrant shorebird community utilizing either the subsided or unsubsided wetland habitats of the Nason Point and Ward Branch study areas (Fig. 5) . (Table 2) . However, during the spring 2002 survey of Nason Point, the numbers of dabbling ducks increased by ~75 percent. Total number of waterfowl observed at the Ward Branch study area during both 2001 and 2002 comprised less than 10% of the combined total for both study areas (Table 2) .
However, the influence of 61,000 geese recorded at Nason Point greatly affected survey results. invertebrates/m 2 ) for two freshwater habitats in western Tennessee (Augustin et al. 1999 ).
Vegetation
Fall 2001 vegetation assessments documented a total of 21 genera occurring at subsided and unsubsided habitats of the Ward Branch and Nason Point study areas (Table 3) . Percent cover was not significantly different for any genera recorded at the primary habitats (exposed shoreline, unsubsided cove, subsided cove). The Sørensen coefficient (Sørensen 1978 ) was used to assess community similarity. The coefficient of community similarity (CC S ) is derived from the formula:
where c is the number of species found in both communities and s is the total number of species found in each community. Based on genera only, unsubsided and subsided coves are the most similar and exposed shorelines and subsided coves are the least similar (Table 4) . 
Summary and Recommendations
The recent assessments of the Ward Branch and Nason Point study areas provided baseline data for shorebird, waterbird, and macroinvertebrate components of unsubsided and subsided habitats.
Long-term successional trends of wetland habitats associated with the Ward Branch study area indicated that the hydroperiod and resultant plant community composition and structure provides diverse wetland habitats for migratory waterfowl and resident wading birds. Macroinvertebrate abundance and density of the subsided wetlands can also provide important food resources for migrant shorebirds. Wetland area values for pre-and post-subsidence habitats have generally remained equal.
However, pre-subsidence shoreline habitats included broader exposed mudflats adjacent to upland crop fields and open water littoral zones. Subsidence wetland configuration included narrow bands of shallowly inundated foraging habitat and immediately adjacent vegetated moist soil zones (upslope) and permanently inundated open water zones (downslope).
Mitigation alternatives can address the configuration of subsidence wetland basins relative to their contribution to a focal waterbird group. For example, an emergent/moist soil wetland zone can be extremely desirable for migrant spring and fall waterfowl use; and, resident wading birds. However, maximum shorebird benefits occur during gradual drawdowns that extend well into the more sparsely vegetated moist substrates. Therefore, subsidence mitigation planning can and should address multispecies benefits that can be derived by wetland configurations that provide both diverse hydroperiods
